
US010453731B2 

( 12 ) United States Patent ( 10 ) Patent No . : US 10 , 453 , 731 B2 
( 45 ) Date of Patent : Oct . 22 , 2019 Drab 

( 54 ) DIRECT BOND METHOD PROVIDING 
THERMAL EXPANSION MATCHED 
DEVICES 

( 58 ) Field of Classification Search 
None 
See application file for complete search history . 

( 56 ) References Cited ( 71 ) Applicant : Raytheon Company , Waltham , MA 
( US ) U . S . PATENT DOCUMENTS 

( 72 ) Inventor : John J . Drab , Santa Barbara , CA ( US ) 
( 73 ) Assignee : RAYTHEON COMPANY , Waltham , 

MA ( US ) 

5 , 308 , 980 A 
5 , 591 , 678 A 
8 , 154 , 099 B2 

2004 / 0009649 A1 * 

5 / 1994 Barton et al . 
1 / 1997 Bendik et al . 
4 / 2012 Hampp et al . 
1 / 2004 Kub B82Y 30 / 00 

438 / 459 
( * ) Notice : ( Continued ) Subject to any disclaimer , the term of this 

patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 305 days . FOREIGN PATENT DOCUMENTS 

WO 9417557 AL 8 / 1994 ( 21 ) Appl . No . : 15 / 331 , 149 
( 22 ) Filed : Oct . 21 , 2016 OTHER PUBLICATIONS 

( 65 ) Prior Publication Data 
US 2018 / 0114713 A1 Apr . 26 , 2018 

ISR / WO , Issued Jan . 18 , 2018 , RAY0349PCT , PCT Application No . 
PCT / US2017 / 056875 , 15 pages . 

( Continued ) 
( 51 ) Int . Cl . 

HOIL 27 / 14 ( 2006 . 01 ) 
HOIL 21 / 683 ( 2006 . 01 ) 
B24B 37 / 20 ( 2012 . 01 ) 
HOIL 23 / 00 ( 2006 . 01 ) 
HOIL 27 / 146 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . HOIL 21 / 6835 ( 2013 . 01 ) ; B24B 37 / 20 

( 2013 . 01 ) ; HOIL 23 / 562 ( 2013 . 01 ) ; HOIL 
27 / 14 ( 2013 . 01 ) ; HOIL 27 / 1469 ( 2013 . 01 ) ; 

HOIL 27 / 14687 ( 2013 . 01 ) ; HOIL 2221 / 68354 
( 2013 . 01 ) ; HOIL 2221 / 68368 ( 2013 . 01 ) ; HOIL 

2224 / 13023 ( 2013 . 01 ) ; HOIL 2224 / 13109 
( 2013 . 01 ) ; HOIL 2224 / 13111 ( 2013 . 01 ) ; HOIL 

2224 / 13113 ( 2013 . 01 ) ; HOIL 2224 / 13116 
( 2013 . 01 ) ; HOIL 2224 / 16145 ( 2013 . 01 ) ; HOIL 

2924 / 351 ( 2013 . 01 ) 

Primary Examiner — Jeffry H Aftergut 
( 74 ) Attorney , Agent , or Firm — Cantor Colburn LLP 
( 57 ) ABSTRACT 
A method of transferring an integrated circuit ( IC ) onto an 
alternative substrate is provided at a wafer level to enable 
coefficient of thermal expansion ( CTE ) matching for a 
circuit layer to a different material . The method is executable 
relative to a wafer with a circuit layer , a first major surface , 
a second major surface opposite the first major surface , and 
a substrate affixed to the first major surface . The method 
includes temporarily bonding a handle to the second major 
surface , removing a majority of the substrate to expose the 
first major surface and bonding a second substrate to the first 
major surface with deposited bonding material . 
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DIRECT BOND METHOD PROVIDING According to another embodiment , a wafer level inte 
THERMAL EXPANSION MATCHED grated circuit ( IC ) transfer enabling structure is provided . 

DEVICES The structure includes a circuit layer having a first major 
surface and a second major surface opposite the first major 

BACKGROUND 5 surface , a substrate remainder , which is substantially thinner 
than the circuit layer , affixed to the first major surface , a 

The present disclosure relates to a direct bond method and handle temporarily bonded to the second major surface , and 
to a direct bond method that provides for thermal expansion a Sapphire substrate bonded to the first major surface and the 
matched devices for true heterogeneous three - dimensional substrate remainder with a deposited and polished bonding 
integration . 10 oxide . 
Many currently used infrared sensor chip assemblies Additional features and advantages are realized through 

include silicon readout integrated circuits ( ROIC ) that are the techniques of the present invention . Other embodiments 
hybridized to mercury cadmium tellurium ( HgCdTe ) detec and aspects of the invention are described in detail herein 

and are considered a part of the claimed invention . tor arrays using indium ( In ) bumps . Problems with such 15 15 
assemblies exist , however , in that these indium bumps tend BRIEF DESCRIPTION OF THE SEVERAL 
to fail as a result of their inability to survive the large number VIEWS OF THE DRAWINGS of thermal cycles required for the assembly processes due to 
the coefficient of thermal expansion ( CTE ) mismatch F or a more complete understanding of this disclosure , 
between silicon ( Si ) and the HgCdTe . 20 reference is now made to the following brief description , 

While previous attempts to address these problems have taken in connection with the accompanying drawings and 
been attempted , none are completely useful or satisfactory detailed description , wherein like reference numerals repre 
For example , for indium bump ( IB ) focal plane arrays sent like parts : 
( FPAs ) , the approach has been to attempt to CTE match the FIG . 1 is a schematic illustration of a wafer manufacturing 
ROIC to a detector by adhesively bonding titanium ( Ti ) and 25 foundry and a processing plant in accordance with embodi 
silicon ( Si ) shims to the back of a sensor chip assembly ments ; 
( SCA ) after dicing and hybridization . While this approach FIG . 2 is a side view of a wafer produced in the foundry 
can be effective , it is an expensive die - level process and is of FIG . 1 in accordance with embodiments ; 
performed manually by skilled labor . FIG . 3 is a side view of a handle that is temporarily 

As another example , for heterogeneous three - dimensional 30 bonded to the wafer of FIG . 2 ; 
( 3D ) integration , approaches include epitaxial growth of FIG . 4A is a side view of the handle and the wafer of FIG . 
III - V semiconductor materials , such as gallium nitride 3 following removal of substrate material from the wafer ; 
( Gas ) , on a silicon ( Si ) substrate using buffer layers to FIG . 4B is an enlarged side view of the encircled portion 
provide the lattice match , or ultrasonically bonding a bonded of the circuit layer following the removal of the substantial 
completed III - V die to a silicon ( Si ) circuit . In both of these 35 portion of the substrate material in accordance with embodi 
cases , III - V layers can tend to cause degraded performance ments ; 
due to stress associated with CTE mismatches between the FIG . 5A is a side view of bonding material applied to the 
III - V devices and silicon ( Si ) substrates . substrate - lacking wafer of FIG . 4A ; 

FIG . 5B is a schematic illustration of the deposition and 
SUMMARY 40 then polishing of the bonding material of FIG . 5A in 

accordance with embodiments ; 
According to one embodiment , a method of transferring FIG . 6 is a side view of a new substrate bonded to the 

an integrated circuit ( IC ) onto an alternative substrate is formerly substrate - lacking wafer by the bonding material of 
provided at a wafer level to enable coefficient of thermal FIGS . 5A and 5B ; 
expansion ( CTE ) matching for a circuit layer to a different 45 FIG . 7 is a side view of a wafer bonded to the new 
material . The method is executable relative to a wafer with substrate of FIG . 6 with the temporary handle of FIG . 3 
a circuit layer , a first major surface , a second major surface having been removed ; and 
opposite the first major surface , and a substrate affixed to the FIG . 8 is a side view of an oxide bonded , three - dimen 
first major surface . The method includes temporarily bond - sional ( 3D ) integrated circuit ( IC ) using mixed semiconduc 
ing a handle to the second major surface , removing a 50 tor materials in accordance with embodiments . 
majority of the substrate to expose the first major surface and 
bonding a second substrate to the first major surface with DETAILED DESCRIPTION 
deposited bonding material . 

According to another embodiment , a method of transfer - As will be discussed below , a coefficient of thermal 
ring an integrated circuit ( IC ) onto an alternative substrate at 55 expansion ( CTE ) matched readout integrated circuit ( ROIC ) 
a wafer level is provided to enable coefficient of thermal is produced at a wafer level before hybridization to thereby 
expansion ( CTE ) matching . The method is executable rela - increase yield and decrease costs . The method of production 
tive to a complementary - metal - oxide - semiconductor can also be used to produce oxide bonded three - dimensional 
( CMOS ) wafer with a circuit layer , a first major surface , a ( 3D ) ICs using mixed semiconductor materials as in true 
second major surface opposite the first major surface , and a 60 heterogeneous devices . 
substrate affixed to the first major surface . The method With reference to FIG . 1 , a wafer manufacturing foundry 
includes temporarily bonding a handle to the second major 10 is provided remotely from a processing plant 20 . The 
surface , removing a substantial portion of the substrate to wafer manufacturing foundry 10 is configured and equipped 
expose the first major surface through a thin layer of to manufacture standard complementary - metal - oxide - semi 
substrate remainder and bonding a Sapphire substrate to the 65 conductor ( CMOS ) wafers 11 , for example , which can be 
first major surface and the thin layer of substrate remainder shipped to the processing plant 20 for further processing as 
with a deposited and polished bonding oxide . will be described below . While the wafer manufacturing 
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foundry 10 is illustrated and described herein as being substrate remainder 130 remaining , the following descrip 
remote and separate from the processing plant 20 , it is to be tion will relate to the former case for purposes of clarity and 
understood that this is not necessary and that the two brevity . 
features can be provided in a single element . Even then , As shown in FIG . 5A , an adhesive 15 is applied to the first 
however , the manufacturing processes used to produce the 5 major surface 121 of the circuit layer 12 that is now exposed 
CMOS wafers 11 are separate and distinct from the further as a result of the removal of the substrate 13 . In accordance 

with embodiments and , as shown in FIG . 5B , the adhesive processing that is described below . 
With reference to FIGS . 2 - 7 , a method of transferring an 15 may include bonding oxide that is deposited ( e . g . , by 

physical vapor deposition or PVD ) onto the first major integrated circuit ( IC ) onto an alternative substrate at a wafer 10 surface 121 up to a first thickness T1 and then polished ( e . g . , level to enable CTE matching is provided . While it is by chemical mechanical polishing or CMP ) down to a understood that the method is executable in the processing second thickness T2 . The first thickness T1 may be approxi plant 20 relative to various types of wafers including , for mately 2 - 15 nm and the second thickness T2 may be example , the CMOS wafers 11 produced in the wafer approximately 0 . 3 - 0 . 5 nm . 
manufacturing foundry 10 ( each shown in FIG . 1 ) , the 15 As shown in FIG . 6 , a wafer - level second substrate ( or 
following description will relate only to the cases where the simply new or second substrate ) 16 is bonded to the first simply new or seco 
method is executed in the processing plant 20 relative to the major surface 121 of the circuit layer 12 ( and any thin layer 
CMOS wafers 11 produced in the wafer manufacturing of substrate remainder 130 that remains on the first major 
foundry 10 . This is done for clarity and brevity and should surface 121 ) using low - temperature oxide bonding ( i . e . , with 
not be considered as limiting the following description or 20 the deposited and polished bonding oxide or adhesive 15 ) . 
claims in any way . The second substrate 16 may be approximately 725 um thick 

As shown in FIG . 2 , each one of the CMOS wafers 11 and may be provided as or with a plasma activated oxide 
includes a circuit layer 12 and a substrate 13 . The circuit surface . The second substrate 16 material can be an alumi 
layer 12 is substantially planarized and may include various num oxide , Sapphire or ceramic . In the particular and 
circuit elements , traces and CMOS devices . The circuit layer 25 exemplary case of the second substrate 16 being formed of 
12 may be approximately 10 um thick and has a body 120 , Sapphire and / or other similar materials , the second substrate 
a first major surface 121 on a first side of the body 120 and 16 effectively functions as a thermal matching substrate . 
a second major surface 122 on a second side of the body 120 As used herein , a thermal matching substrate may be any 
opposite the first side of the body 120 . The substrate 13 is substrate that , when bonded to the circuit layer 12 , alters the 
affixed or bonded to the first major surface 121 . 30 rate of thermal expansion of the circuit layer 12 in a 

As shown in FIG . 3 , a wafer - level handle ( or simply desirable manner . In other words , the thermal matching 
substrate may include any material suitable for bonding to handle ) 14 is temporarily bonded to the second major the circuit layer 12 and having a CTE that is different than surface 122 of the circuit layer 12 . The handle 14 may be the CTE of the circuit layer 12 . In certain embodiments , the formed of any suitable , somewhat rigid material including , as uong , 35 thermal matching substrate can be a substrate that forms a 

but not limited to , metallic materials , ceramic materials and composite - semiconductor structure having a desired rate of organic or inorganic dielectric , semiconductor or conductive thermal expansion . This desired rate of thermal expansion 
materials . The handle 14 can be flat and have a uniform may be substantially equal to the rate of thermal expansion 
thickness and may be , but is not required to be , planarized . of a substrate to which the circuit layer 12 is to be hybrid 
In any case , the handle 14 should generally conform to the 40 ized . 
topography of the second major surface 122 . The temporary The second substrate 16 , acting as a thermal matching 
bond between the handle 14 and the second major surface substrate , may have a CTE that is greater than the CTE of 
122 may be provided by way of adhesive bonding using a the circuit layer 12 . As a result , when the second substrate 
thermoplastic adhesive . 16 is bonded to the circuit layer 12 ( and a balancing 
As shown in FIG . 4A , all or a substantial portion ( e . g . , 45 substrate that may also be present ) , the second substrate 16 
90 % or a majority ) of the substrate 13 is removed . The causes the circuit layer 12 to expand and contract at a greater 

removal of the substantial portion of the substrate 13 can be rate in response to temperature changes . Alternatively , the 
accomplished or conducted by way of etching , grinding and second substrate 16 may have a CTE that is smaller than the 
polishing or , more particularly , by way of a grinding of the CTE of the circuit layer 12 . As a result , when the second 
bulk of the material of the substrate 13 stopping at a depth 50 substrate 16 is bonded to the circuit layer 12 ( and the 
of approximately 10x the grit size from the desired final balancing substrate that may also be present ) , the second 
thickness and then polishing the last bits of the material of substrate 16 causes the circuit layer 12 to expand and 
the substrate 13 away from the circuit layer 12 . In any case , contract at a slower rate in response to temperature changes . 
the removal of the substantial portion of the substrate 13 Here the , balancing substrate ( not shown ) may be any 
serves to completely expose the first major surface 121 or , 55 substrate that , when bonded to the second substrate 16 , 
as shown in FIG . 4B , to nearly completely expose the first reduces or eliminates warping of the resulting composite 
major surface 121 through a thin layer of substrate remain - semiconductor structure of the second substrate 16 and the 
der 130 . In accordance with embodiments , the thin layer of circuit layer 12 without substantially impacting the effective 
the substrate remainder 130 ( if it exists ) is substantially CTE of the composite - semiconductor structure . 
thinner than the circuit layer 12 even where the circuit layer 60 In any case , FIG . 6 illustrates a wafer level integrated 
12 is approximately - 10 um thick . As an example , for a circuit ( IC ) transfer enabling structure 60 . The structure 60 
modern complementary - metal - oxide - semiconductor includes the circuit layer 12 having the first major surface 
( CMOS ) process , the wafer would be thinned so that the 121 and the second major surface 122 opposite the first 
thickness of the substrate remainder would be 10 um or less . major surface 121 , a potentially very thin or non - existing 

Although FIGS . 4A and 4B illustrate that the substrate 13 65 substrate remainder 130 ( not shown in FIG . 6 ) that is 
can be completely removed or that a substantial portion of substantially thinner than the circuit layer 12 affixed to the 
the substrate 13 can be removed with only a thin layer of first major surface 121 , the handle 14 being temporarily 
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bonded to the second major surface 122 and a second ( e . g . , the method being executable relative to a wafer with a 
Sapphire ) substrate 16 . The second substrate 16 is bonded to circuit layer , a first major surface , a second major 
the first major surface 121 ( and any thin layer of substrate surface opposite the first major surface , and a substrate 
remainder 130 ) with the adhesive 15 . affixed to the first major surface , 

With reference to FIG . 7 , once the second substrate 16 is 5 the method comprising : 
bonded to the first major surface 121 of the circuit layer 12 , temporarily bonding a handle to the second major surface ; 
the handle 14 is removed leaving the second major surface removing a substantial portion of the substrate to expose 122 exposed and the circuit layer 12 permanently bonded to 
the second substrate 16 . the first major surface ; 

In accordance with further embodiments and , with refer - 10 bonding a second substrate to the first major surface with 
ence to FIG . 8 , the circuit layer 12 to which the second deposited bonding material to hybridize the circuit 
substrate 16 is permanently bonded may form a hybridiza layer ; 
tion ready structure 80 that is ready to be hybridized to a removing the handle from the second major surface ; and 
detector array . As such , as shown in FIG . 8 , a device 801 is connecting the second major surface to an additional 
formed by hybridizing the circuit layer 12 ( with the second substrate , which is thermally matched to the circuit 
substrate 16 ) to a thermally matched second substrate 8023 layer hybridized with the second substrate . using interconnects 803 that are deposited on the second 2 . The method according to claim 1 , wherein the wafer major surface 122 of the circuit layer 12 and on comple comprises a complementary - metal - oxide - semiconductor mentary surface 804 of the second substrate 802 . The second ( CMOS ) wafer . substrate 802 may be provided , for example , as a detector 
array and as such includes an array of photo - electric ele - 20 3 . The method according to claim 1 , wherein temporarily 
ments therein . At least one or more of the interconnects 803 bonding a handle to the second major surface comprises 
may be formed of indium ( as in the case of indium bumps ) applying thermoplastic adhesive . 
and / or other similar materials ( e . g . , tin , lead , bismuth alloy 4 . The method according to claim 1 , wherein the remov 
or any other suitable conductive material ) . ing of the substantial portion of the substrate comprises at 

The corresponding structures , materials , acts , and equiva - 25 least one or more of grinding and polishing . 
lents of all means or step plus function elements in the 5 . The method according to claim 1 , wherein the remov 
claims below are intended to include any structure , material , ing of the substantial portion of the substrate leaves a 
or act for performing the function in combination with other remainder of the substrate that is thinner than the circuit 
claimed elements as specifically claimed . The description of laver . 
the present invention has been presented for purposes of 30 6 . The method according to claim 1 . wherein the circuit 
illustration and description , but is not intended to be exhaus layer is approximately 10 um thick and the removing of the tive or limited to the invention in the form disclosed . Many substantial portion of the substrate leaves a remainder of the modifications and variations will be apparent to those of substrate that is thinner than the circuit layer . ordinary skill in the art without departing from the scope and 7 . The method according to claim 1 , wherein the depos spirit of the invention . The embodiments were chosen and 
described in order to best explain the principles of the the 35 ited bonding material comprises bonding oxide . 
invention and the practical application , and to enable others 8 . The method according to claim 1 , wherein bonding a 
of ordinary skill in the art to understand the invention for second substrate to the first major surface comprises : 
various embodiments with various modifications as are depositing the bonding material to the first major surface 
suited to the particular use contemplated . with a thickness of approximately 2 - 15 nm ; and 

For comparison , U . S . Pat . No . 8 , 154 , 099 describes a CTE 40 polishing the bonding material down to a thickness of 
matching method where the CTE matching material is approximately 0 . 3 - 0 . 5 nm . 
atomically bonded between two layers of semiconductor in 9 . The method according to claim 1 , wherein the second 
order to adjust a composite material CTE to match another substrate comprises a plasma activated surface or aluminum 
layer . In this case , the semiconductor layers are relatively oxide . 
thin and the CTE matching material is insufficiently stiff 45 10 . The method according to claim 1 , wherein the circuit 
whereby a three layer structure is used to prevent the layer is approximately 10 um thick and the second substrate 
resulting structure from warping during temperature excur - is approximately 1500 um thick . 
sions . The description provided above , however , relates to 11 . The method according to claim 1 , wherein the addi 
cases in which the semiconductor layer ( i . e . , the circuit layer tional substrate comprises a detector array . 
12 ) is relatively thin ( e . g . , approximately 10 um ) and the 50 . 12 . The method according to claim 11 . wherein : 
CTE matching substrate ( i . e . , the second substrate 16 ) is the detector array comprises photoelectric elements and relatively thick ( e . g . , approximately 1500 um ) . This signifi an additional surface which is complementary to the cant thickness difference allows the CTE matching substrate second major surface , and to be highly resistant to warping so that warping effects in 
the resulting composite structure are effectively insignifi the connecting comprises depositing interconnects on the 

second major surface and on the additional surface . cant . 
While the preferred embodiments to the invention have 13 . A method of transferring an integrated circuit ( IC ) 

been described , it will be understood that those skilled in the onto an alternative substrate at a wafer level to enable 
art , both now and in the future , may make various improve coefficient of thermal expansion ( CTE ) matching , 
ments and enhancements which fall within the scope of the the method being executable relative to a complementary 
claims which follow . These claims should be construed to 60 metal - oxide - semiconductor ( CMOS ) wafer with a cir 
maintain the proper protection for the invention first cuit layer , a first major surface , a second major surface 
described opposite the first major surface and a substrate affixed 
What is claimed is : to the first major surface ; 
1 . A method of transferring an integrated circuit ( IC ) onto temporarily bonding a handle to the second major surface ; 

an alternative substrate at a wafer level to enable coefficient 65 removing a substantial portion of the substrate to expose 
of thermal expansion ( CTE ) matching for a circuit layer to the first major surface through a thin layer of substrate 
a different material , remainder ; and 

55 
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bonding a Sapphire substrate to the first major surface and 
the thin layer of substrate remainder with a deposited 
and polished bonding oxide to hybridize the circuit 
layer ; 

removing the handle from the second major surface ; and 5 
connecting the second major surface to an additional 

substrate , which is thermally matched to the circuit 
layer hybridized with the Sapphire substrate . 

14 . The method according to claim 13 , wherein : 
temporarily bonding a handle to the second major surface 10 

comprises applying thermoplastic adhesive . 
15 . The method according to claim 13 , wherein the 

removing of the substantial portion of the substrate com 
prises at least one or more of grinding and polishing the 
substrate down to the substrate remainder . 15 

16 . The method according to claim 13 , wherein the circuit 
layer is approximately 10 um thick and the substrate remain 
der is thinner than the circuit layer . 

17 . The method according to claim 13 , wherein the circuit 
layer is approximately 10 um thick and the Sapphire sub - 20 
strate is approximately 1500 um thick . 

18 . The method according to claim 13 , wherein the 
additional substrate comprises a detector array . 

19 . The method according to claim 18 , wherein : 
the detector array comprises photoelectric elements and 25 

an additional surface which is complementary to the 
second major surface , and 

the connecting comprises depositing interconnects on the 
second major surface and on the additional surface . 

30 * * * * * 


